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HORIZONTAL TAIT. OF A CANARD ATRPLANE MODEL'AS
A MEANS OF INCREASING THE ALLOWABLE
CENTER-OF-GRAVITY TRAVEL

By Joseph L. Johnson, Jr.
SUMMARY

An investigation has been made to study the use of various high-
1ift devices on the horizontal taill of & canard airplane model as a
means of increasing the allowable center-of-gravity travel. The results
indicated that large increases in allowable center-of-grsvity travel
could be obtained in this manner. The center-of-gravity travel was not
always increased, however, for cases in which the high-1ift device
increased the tail lift-curve slope and thereby reduced the stabllity
of the configuration. In these cases, the use of high-1ift devices
linked to deflect automaticelly in proportion to incresses In angle of
incidence of the tall appeasrs to offer a means of obtalning the maximmm
beneficial effect of the high-1ift device on the allowable center-of-
gravity travel.

INTRODUCTION RN

Some recent studies made to determine the stability and comtrol
characteristics of canard designs have indicated some advantages over
conventional configurstions at transonic and supersonic speeds. (For
exemple, see ref. 1.) In comnection with these general studies two
investigations to determine the low-speed static stability and_ control
characteristics of canard designs have been conducted in the Langley
free-flight tunnel (refs. 2 and 3). These investigations indicated that
the particular canerd designs studied had & small alloweble center-of-
gravity renge relative to that of a more conventional-type airplane.

A further study of the longltudinal characteristics of canard
designs indicated that the allowable center-of-grevity travel could be
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increased if the maximum 1lift coefficlent of the tail weré increased €0
provide additional trimming power. Other studies such as the theoretical
work of reference 4 have led to similasr conclusions but no experimental
data heave been avallable for verification. An investigation was there-
fore underteken to study experimentally the use of high-1lift devices on
the horizontal tail as a means of increasing the trimming power of the
tall and thus lncreasling the allowable center-of-gravity travel of cansard
designs. ) .

In this investigation force tests were msde to determine the longi-
tudinal stability and control characteristics of a canard model having
a 45° sweptback wing of aspect ratio 3. The model was tepted with a
60° triangular horizontal tail and with a y50 sweptback horizontal tail.
Tests were made with trailing-edge split flaps on each horizontal tail.,
The model was elso tested with a leading-edge flap on the sweptback tail
and with a leading-edge flap in combinstion with a trailing-edge split
flep on the sweptback tail.

SYMBOLS AND COEFFICIENTS

All forces snd moments are measured about the stabllity axes which
gre defined in figure 1.

cr 11t coefficlent, =t

Cp drag coefficient, Qggs

Cy normal-force coefficient, ,Eg;ggégigggg ' )
Cpm pitching-moment coefficient, Pitchi:gﬁmoment

q dynamic pressure, %ﬁvg, ib/sq ft

o] alr density, slugs/cu £t

v alrspeed, ft/sec

wing area, sq ft

o w0

wing span, ft

ol

mean aerodynemic chord of wing, ft i . N
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a aengle of attack of fuselage center line, deg
i incidence of horizontal tail, positive with leading edge up,
deg
A tail length, ft
h distance from center of gravity to neutral point, ft
b4 distance from aerodynamic center of wing-fuselage
combination to neutral point, ft
X _h
Scr static margin, =7 chords
BCL
CL.’I. = a_d. ‘per deg
acp
CDm = S¢ per deg
oC
o = —éan per deg
Subscripts:
t horizontal taill (tall coefficients based on tail aresa)
wt wing-fuselage combination

APPARATUS AND TESTS

The investigation was conducted in the Lengley free-flight tunnel.
A three-view drawing of the model used in the investigation 1s shown in
figure 2, and the physical charscteristics of the model are presented
in teble I. The model had a fuselage of circular cross section and a
450 gweptback wing of NACA 0012 airfoil section. Two horizontal talls
having the same areas (0.15 wing area) but different plan forms were
used in the lnvestigation. One horizortal taill had a 60° triangular
plan form and flat-plate alrfoll section; the other had the same plan
form and ajirfoll section as the wing. The tralling-edge split flaps
end leading-edge flap used on the model are shown in figure 2.

Force tests were mede to determine the aserodynsmic characteristics
of the model with the triangular horizontal tail, with the sweptback

T
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horizontal tail, and with the horizontal tail removed. The longitudinal
characteristics were determined wilth tralling-edge split flaps on each
horizontal tail. The model was also tested with a leading-edge flap on
the sweptback teil and with a leading-edge flap in combination with a

_tralling-edge flap on the sweptback tail., Tests were made at zero side-
slip over an angle-of-attack range for angles of tall incidences ranging
from 0° to 20°. T

All the force tests were made at a dynamic pressure of 3.0 pounds
per square foot, which corresponds to an airspeed of about 34.0 miles
per hour at standard sea-level condltlons and to a Reynolds number of
approximately 443,000 based on the wing mean aerodynamic chord of
1.38 feet, All moment data are referred to a center-of-gravity posi-
tion of 24.0 percent of the mean serodynamic chord shead of the leading
edge of the mean aerodynsmic chord unless otherwlse noted.

ANATYSTS

The allowable center-of-gravity travel can be defined as the dis-
tance, in terms of the mean aerodynemic chord of ‘the wing, between the
forward and rearward limits of the center-of-gravity position. In the
present investigation the forward limit is designated as the most for-
ward center-of-gravity positlon at which the model can be trimmed to
the maximum tail-off 1ift coefficient (approximastely 0.9 for this
“investigation). The rearward limit is designated as the most rearward
center-of-gravity position at which the model is at least neutrally

e}
gtable L _ o}.
aCL

The following equation for computing the allowable céenter-of-
gravity travel i1s developed in the appendix:

CNo, CNyr : .
%l'fuf“cr) : |

" Ty Ny, Clyr
Oy 5 Moy OMe '

Equation (1) was derived by neglecting downwash and interference
effects between the tall and wing-fuselage combination and by assuming
linesr veriations of all the factors involved. The use of isolated
tail and wing data in equation (1) requires correction for downwash end
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Interference effects 1f reasonable accuracy 1s expected in the pre-
dicted values of the alloweble center-of-gravity travel.

An examinetion of equation (1) shows thet the sllowable center-of-
gravity travel lncreases with an increase in the maximim normal-force
coefficient of the tall or =a.decrease in the slope of the normal-force-
coefficient curve of the tail. Any increase in the meximum normsl-
force coefficlent of the wing or decrease in slope of the normal-force-
coefficient curve of the wing would, of course, decrease the allowable
center-of-gravity travel if trim &t a higher 1ift coefficient 1s desired.

If the use of a high-1ift device on the tall increases the slope
of the normal-force-coefficlent curve of the tail as well as the maxinum
normel-force coefficlient, then the sallowable center-of-gravity travel
may be increased or decreased or may remsin unchanged depending upon the
megnitude of Cmeax and Cth' In such cases, the use of high-1ift

devices on the horizontal tail which are linked to deflect automatically
in proportion to increasses in angle of incidence of the tail (angle of
horizontal teil with respect to longitudinal axis of fuselage) appears

. to offer a means of lncreasing the allowable center-of-gravity travel.
In this menner, a forward shift In the forward 1imit of the center of
gravity is obtained while the rearward 1limit remains in the same posi-
tion as that of the basic configuretion.

RESUITS AND DISCUSSION

Basic Aerodynamic Data

The aerodynamic characteristics of the model with the horizontal
tail off and with either the triengular tail or the sweptback tail on
are presented in figure 3. These data show that the wing-fuselage com-
bination had a meximum 1ift coefflcient of approximately 0.95. The
model had a slightly higher maximum 1ift coefficient and grester static
longitudinal stability -OCM/dCI, with the triangular tail than with the
sweptback tail. Both configurstions had a maximm trim 1ift coefficient
of about 0.7 with the center of gravity located 0.2 mean aerodynamic
chord ahead of the leading edge of the mean serodynemic chord and showed
similar trends in the pitching-moment characteristics., That is, at low
1ift coefficlents en Increase Iin incidence of the tall gave a positive
increment to the pltching-moment coefficient with little change in sta-
bility. In the higher 1ift-coefflcient range, however, an increase in
angle of incidence caused the horizontal tall to stall, which resulted
in a loss of control effectiveness and 1n an increase in stebility of
the model. :
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The aerodynemic characteristics of the model with split flaps
added to the triangular teil and to the sweptback tall are presented in
figure 4. These data show an increasse ip maximum trim 1ift coefficient
of both conflgurations to 0.9 and little change in stability or maximum
1lift coefficient over the basic configuration.

The serodynamic characteristics of the model with the sweptback
tail having & leading-edge flap and a leading-edge flap in combination
with a traillng-edge flap are presented In figure 5. The addition of
the leading-edge flap to the tall produced about the same maximum trim
1ift coefficlent of the model as the split-flap arrangement but reduced
the stabillity of the model. The combination flaps increased the maximum
trim 1ift coefficlent to 1.1 but produced a greater decrease in sta-
bllity than the leading-edge flap. :

Effect of Tail Configuretion on the Allowable
Center-cf-Gravity Travel

In order to determine the #llowable center-of-gravity travel for
each of the configurations tested, the aerodynamic data of figures 3, L,
and 5 were transferred to the most forward center-of-gravity posltion
at which the model could be trimmed to 1ift coefficient of 0.9. These
data, presented in figure 6, include the pitching-moment curve for
0° incidence and also the curve for the angle of incidence’ for which
meximum trim 1ift coefficient was obtalned for each configuration.
Included with the data for the flap-on configurations 1s the pitching-
moment curve for 0° incidence for the flap-off confilguration so that
the effect of flap deflection on the stability of the model can be seen
directly from figure 6. The allowasble center-of-gravity travel can be
determined from figure 6 by measuring the slope of the piltching-moment
curves for 0O° incidence since this slope represents the distance in mean
aerodynamic chords between the most forward center-of-gravity position
and the neutral point (most rearward center-of-gravity position).

In the following discussion, the effect of flaps on the allowable
center-of-gravity travel is considered with the flaps fully deflected
for all angles of incldence of the horilzontal tall and, also, with the
flaps linked to deflect automatically in proportion to increases in
angle of incidence of the tail. For the linked-flap-deflection case,
the forward center-of-gravity position 1s obtained from the flap-
extended date, while the rearward position 1s obtained from the flap-
retracted data. WNo experimental data were obtained for the intermediaste
flap deflections which would be required with the intermediate tail
incidence for a linked flep arrangement. It is assumed, however, that
the intermediaste flap settings apnd tail incidences would provide a
gradual change between the pitching characteristics for the flep-retracted

Gl
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and flap-extended cases presented in figure 6. As previously mentioned,
when the addition of & flap has no effect on the slope of the normal-
force-coefficient curve of the tail there is no advantage in having the
linked flap. . -

In order to provide Iinformatlon which would@ be helpful in inter-
preting the data of figure 6, the normal-force coefficients for each
t8il configuration were determired from the incremental pitching-moment
data of figures 3 to 5 and are presented in figure 7. A summary plot
showing the allowable center-of-gravity travel as well as the most for-
ward and mast rearward center-of-gravity positions is presented in
figure 8.

Flaps retracted.- The data of figure 8 show that the model with
triangular tail had 0.10C€ allowable center-of-gravity travel, whereas
the model with the sweptback tail had only 0.04¢ sllowable center-of-
gravity travel. This difference can be attributed to the fact that the
triangular tall has both & lower slope of the normal-force-coefficient
curve and a higher maximum normal-force coefficlent. The increase in
maximum normal-force coefficient of the triangular tail gave 2 more for-
ward limit of the allowable center-of-gravlty travel and the decrease
in slope of the normal-force-coefficient curve of the triangular tail
gave a more rearwerd limit of the allowable center-of-gravity travel.

Trailing-edge split flaps extended.- The addition of trailing-edge
split flaps to the horizontal tall increased the allowable center-of-
gravity travel to 0.182 for the triangular-tail configuration and to
0.14& for the sweptback-tail configuration. Since the addition of the
split flaps increased the maximum normal-force coefficient without
changing the slope of the normsl-force-coefficient curve of the tails
(fig. T), the alloweble center-of-gravity travel was increased because
the forward limit was shifted to a more forward statlon, whereas the
rearward limit remained the same as that of the basic configuration.
The use of linked flsps in these cases provided little or nc improvement
in the allowable center-of-gravity travel.

Ieading-edge flap extended.- The addition of a leading-edge flap
to the sweptback tall incressed the allowable center-of-gravity travel
of the model to 0.05¢. The date of figure 8 show that the rearward
limit as well as the forward limlt of the allowable center-of-gravity
travel was shifted to a more forward stetion on the model. This forward
shift in the allowable center-of-gravity range results from the fact
thet the leading-edge flap increesed the slope of the normal-force-
coefficient curve as well as the meximmm normsl-force coefficient
(fig. 7). The use of a linked leading-edge flap would result in an
increase in the allowable center-of-gravity travel to 0.16c.
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In the present investigation, & relatively large leading-edge flap
was used 1n an effort to obtaln a high meximim normsl-force coefficient
of the tasil. This flsp, however, resulted in an increase'in the slope
of the normal-force-coefficient curve as well as the maximum normal-
force coefficient. The use of a leading-edge flsp which would provide
no increase in slope of the tall normel-force-coefficlent curve would
probably give a grester allowable center-of-gravity travel than the flap
used even though 1t might provide a lower maximum tail normal—force
coefficient.

Leading-edge and trailing-edge split flaps extended.-' The use of a
leading-edge flap and a trailing-edge split flap in combination on the
sweptback tall increased the allowable center-of-gravity travel to 0.10€.
The deta of flgure T show that these flaps gave the largest value of the
maximum normal-force coefficlent of the tall and, as in the case of the
leading-edge flap alone, increased the slope of the normal-force-
coefficient curve of the tall. As a result of the high maximum normsl-
force coefficient, the forward limit of the sllowable center-of-gravity
travel was shifted to a more forward station on the model than was
obtained with any of the other configurations. The resrward limit was
also shifted forward so that the over-all increase in the allowable
center-of-gravity travel was not very great. The use of linked flaps
would iesult in an increase in the allowable center-of-gravity travel
of 0.24c.

It appears that the use of high-1ift devices more powerful than
those of the present Investigation offers greater possibilities for
increasing the é&llowable center-of-gravity travel of a canard design.
High-11ift devices such as the double-slotted flap or the Fowler flap
or combinations of these trailing-edge flaps with leading—edge flaps
should increase the maximm normal-force coefficient of the tail to 2.0
or even higher, in which case the allowable center-of-gravity travel
of the canard design would probebly be lncressed to values much higher
than those shown in the present report.

Compaerison of Measured and Predicted Values of the
Allowable Center-0f-Gravity Travel

The allowable center-of-gravity travel for the configurations of
the model investigated were calculated from equation (1). For these
calculations, the normal-force-coefficlent curves for the sweptback
horizontal tail, with and without the leading-edge flap, were obtalned
from unpublished force tests in the Langley free-flight tunnel. The
increment of normal-force coefficient resulting from deflecting a
trailing-edge split flap on this tail was estimated from the higher-
scale tests of reference 5. The normal-force~coefficient curve for the
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triangular tail was obtalned from tests in the langley free-flight tun-
nel of a plan form geometrically similer to that of the tall used on the
model (ref. 6). The increment of normel-force coefficient resulting
from deflecting & trailing-edge split flap on this tail was estimated
from the higher-sceale tests of reference 7.

The results of these calculations and the parameters used in meking
the calculetions ere presented slong with the measured results in fig-
ure 9 and table II. The results of figure 9 indicate thet the maximum
normal-force coefficients measured from the model force tests of this
report are generally smaller than those obtalined from tests of isolated
surfaces. The measured and predicted slopes of the normal-force-_
coefficient curves are in good agreement except for the leading-edge
flap configurations, which have higher measured values than estimated
values., The difference between the measured and predicted meximmum
normal-force coefficlents and slopes of the normsl-force-coefficient
curves is attributed to downwash and to interference effects between
the tail and wing-fuselage combination, For instance, the gap between
the horizontal tall and fuselage could be & factor which greatly alters
the predicted characteristics of the tail. Because of these differ-
ences, the values of the allowable center-of-gravity travel as deter-
mined from equation (1) are much larger than those measured from the
model datae of this report. It appears from these results that accurate
estimation of the center-of-gravity travel is impossible at the present
time because of the difficultles involved in accounting for the downwash
and interference effects., PFurther work is necessary, therefore, to
determine these effects before use of isolated-tail data can be made to
predict the allowable center-of-gravity travel.

CONCLUDING REMARKS

The following conclusions were drawn from the results of the
investigation to study the use of wvarious high-11ft devices on the
horizontal tail of & canard alrplane model as a means of increasing
the allowable center-of-gravity travel.

1. The addition of high-1lift devices to the horizontal tail con-
siderably increased the allowable center-of-grevity travel because of
increased trimming power of the tail.

2. The center-of-gravity travel was not always lncreased, however,
for cases in which the high-1ift device increassed the tail 1lift-curve
slope and thereby reduced the stabllity of the configuration.

3. When the stability of a model was reduced by the addition of
high-1ift devices tc the horizontal tall, the use of high-l1ift devices
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linked to deflect automatically in proportion to a.n-__\increase' in angle
of incidence of "fhe tall appeared to offer & mesns of.,obtaining the
maximum beneficial effect of these high-11ft devices on the allowable

center-of-gravity travel.

Langley Aeronsuticesl Isboratory,
Kational Advisory Committee for Aeronsutics,

Langley Field, Va.
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APPENDIX

DERIVATIOR OF AN EXPRESSION FOR DETERMINING THE ALLOWABLE

CENTER~OF-GRAVITY TRAVEL OF A CANARD DESIGN

A gqualitative estimation of the longitudinal stebility of & cansrd
design can be made analyticelly by considering the relation between the
1ift and drag forces of the tail and those of the wing-fuselage combi-
natlion as illustrated in the following sketch:

c
Lyt
CLt ]
)
Chyre
Cpg c.g. XN.P.
—ﬁ—‘—-——— - - @ ® »
a.c, of
tail 1 h x a.c. of wing-
T e | i fuselage

comblination

Assuming thet the center of gravity is in the horizontal plane of
the aerodynamic centers of the wing and taill, an expression for the
longitudinel stability of the configuration can be writtén as follows:

oC acy 8 dC dc ,
Cc [«

o c S A c 8 da
or HQCE-
BCN St BCN ' ;:"‘*-*ﬁ'jd;ﬁ:;"
—t 2t + h Pt " wf x 5
h E S &‘ E ( ) LQHE\“"

An eguation can also be wriltten for the relation of the rnormal- -
force coefficlents of the wing and tail for trim

ice. 42t = b+ x
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B e »G'-'r-u.l.i_Tl'r(pr )
+ @

Solving equations (Al) and (A2) simultaneously to eliminate %

gives the followlng expression for the allowable center-cf-gravity
travel: '

1 Clay,  Clwr
n c cNdwf cﬁi

ol

(13)
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF CANARD MODEL TESTED
IN THE IANGIEY FREE-FLIGHT TUNNEL - -

Wing:

Airfoil section <« « NACA 0012

Area, sg ft . . . « . . o o 6 6 6 o6 5 o s e 6 s e o o' e « 5.33
BPAN, FE o o o o o o o o o & 4 e 8 o e o s o s e o e o0 . o KOO
Agpect TBLEIO . 4 4 4 4 ¢ s e o e 0 s s e o s 6 o e o c'e o0 o 3.00
Incldence, G€E .+ 2 o ¢« o s ¢ o s ¢ ¢ o ¢ o o o o o o a'a a: ¢ o .
Dihedral, d€Z « « o e « o s ¢ « s ¢ o o a o ¢ o & 6 s a o o o o 0
Taper ratio . . . . e o o s o s o 6 s s s s 8 6 6 s s'e o s @ 0.5
Mesn serodymamic chord, Tt 6 6 ¢ e ¢ ¢ ¢ o o o s o o ee « « o 1.383
Root chord, T . ¢« ¢« ¢ o o ¢ ¢ o ¢ o e o o s e ¢ ¢ ¢« o« o s o o 1.7
Sweepback, leading €dge, deE .« « o o o o o o o o o o o6 o o o U5
Tip vertical tails: . .
Area, 8q £t (2 t8118) v & o ¢ ¢ o o o ¢ o o ¢ o s s o o o + « « 0.533
SP8N, FL o o « o o o o ¢ o o o o ¢ o6 ¢ e s s 4 6 6 o s o o« « 0.63
RoOt ChOTA; £t ¢ ¢ o o o o o o o o o o o o o o o o s o o« « « o 0.562
Taper rat10 o o o o ¢ o o o ¢ o o o o o o o o o o o« s .« o o o« 0.50
Aspect TBEIO o ¢ ¢ ¢ o o ¢ ¢ o o o 6 o 6 o o o o s e s'e & o o 1,49
Center verticasl tail:
Area, 8@ Tt o o ¢ % ¢ o o o ¢ 6 ¢ o o s o o o a o o o o o o'e o 0,272
Span, £ .+ ¢ o ¢ ¢« ¢ o o 6 6 6 o 6 s o e s s a s s o o ¢ o o s 0.7T3
ROOt chord, £ o o « o o o o o o o o o o o o o ¢ o o oo o « « 0,495
Taper Yatio o o o o o 4 o o o ¢ o« o ¢ a ¢ s a s 4 o o a'o o o « 050
Aspect Y8510 & 4 4 ¢ ¢ ¢ 4 s 6 e o o 6 o s s s s e s s e e s« L1.96
Horizontal tail (triangular):
Alrfoll section o« « o ¢ ¢ o o o o o o « o o« o o o ¢ o o o Flat plate
Ares, 8Q £t o 2 o 4 ¢ o « « o oo s o s o s o s a a4 s s o o s s s 0800
SPaN, £E 4 ¢ o o o 6 o o a o s 4 o s s o s s o o s s o o e o s 1.36
Sweepback, leading €38, G .« o o s o ¢ ¢ s o s s 0 o0 o & o 60
Aspect ratio . . . . . e o o o o ¢ o s o o s e s e s s o o« 2.31
Split flap, deflected, deg s (o)
Chord, percent of root chord of tail . . . ¢« & o ¢ ¢ o « & & 15
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF CANARD MODEL TESTED

IN THE IANGLEY FREE-FLIGHT TUNNEL - Concluded

Horizontal tall (sweptback):

Birfolil section « o o 2 o ¢ o o« o o o ¢ ¢ o w o o o ¢ o o « NACA 0012
Ares, BQ FE « v ¢« « ¢ o o o o 2 s o o o s s s s e s e s s« o o 0.800
Span, ft . . . e o 2 s o e o s 4 s o 4 s s e a e e« . 154
Sweepback, leading edge, BEE o ¢ ¢ o 4 o ¢ o 6 ¢ o 4 e o o o o 45
ASPEct TBLEIO 4 4 ¢ « o ¢ 2 e o o 6 o o o e o 2 e a e s s e s« & 297
Split flap, deflected, d€Z .« « o « o o o o a o o o = s a o « « 60

Chord, percent of chord of tail e 6 o o o s s a o & o o o o & 20
Leading-edge flap, deflected; deg€ o« o « = = « « o « ¢« o o o o« 65

Chord, percent of chord of t81l . o c v« o o s o « o o = o + » T

*:QEEE;F’



16 s - NACA RM I52K18a
TABIE II.~ MBASURED AND FREDICTED VALGES OF THE ALLOMABIE CENTER-OF-GRAVITY
TRAVEL FOR THE MODEL CONFIGURATIONS INVESTIGATED
[cn“'vrr = 0.055 (teken from fig. 3); Cn,p teken from figure 3;
/8 = 2.18; B¢/8 = 0.15; Cr, + Crp = 0.9; -
CHi sy + CHur = Olincaey 8% cI,-o.ﬂ
}iesqured Predicted Measured Predicted
Configurstion [ h/E Cx cﬂa h/E Configuration Cx c’a = |Cx ol B/,
ey . trax| at Ney,
(a5 07‘3 )| & (ef [(@ (2) | (a) s et e |
0.85 |0.0k0| 10{ 1.39 |0.0k3} 31 1.08 | .ok5| 16| 2.36 | .ok3]| 29
anguler Bweptback tail +
= tall linked split flap
1.05 | .ok0| 18| 1.%3 | .o43| 32 1.00 | .060| 5] 1.36 | .o54| 2k
tail + Sweptback tail + '
split £lap . laading-edge flap
1.05 | .obo| 18] 1.k3 | .0bk3| 32 1.00 | .ok5| 16| 1.36 | .oks| 20
tail +
linked split flap
0.8k | .0k5| k| 0.87 | .obs| 7 1.27 | .oTo| 10| 1.80 | .05k} kg
Sweptback tail +
Sweptbeck tail ldading-edge and
split flaps
1.08 | .045) 1%| 1,36 | .ok5| 20 1.27 | .o45| 2k| 1.80 | .ob%| 55
Sweptback tail + Bweptback tail +
linked lesding-edge
splIt flap and split flaps

&Measured from figure T
bMeasured from figure §

CTaken from unpublished data and references 5, 6, and T.

dalculated from equation (1) .
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Figure 1l.- The stability system of axes. Arrows indicate positive
directions of moments, forces, and angles. This system of axes is
defined as an orthogonal system having the origin at the center of
gravity and in which the Z-axis is in the plane of symmetry and
perpendicular to the relative wind, the X-axis is in the plane of
symetry and perpendiculsr to the Z-sxis, and the Y-axis 1s perpen-
diculer to the plane of symmetry. At a constant angle of attack,
these axes are fixed in the airplsne.
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Figure 2.- Three-view drawing of canard model used in the investlgatlon

in the Langley free-flight tunnel.

Al]l dlmensions are In inches.
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Figure 6.- Longitudinal stability characteristics of the canard model
used in the investigation.
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Mode! configuration A/%gveen g.g &{mvag
A Most famaratj %sf rearword o
triangulor tad | - 5 /0 .
AN |
trianguiar tail+ spbt fia, © = 8 )
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g

hnked  spitt flop © — : /18
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8
[
A

D

sweptback fad+ spht flap O—0=0 . /4
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Figure 8.- Summary plot of the allowable center-of-gravity travel for
the canard model with the various horizontal-tail configurations.
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Figure 9.- Comparison of predicted ard messured normal-force coefficients,
slopes of the normal-force-coefficlent curves, and alloweble center-of-
gravity travels.
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